The BP is a network of nerves formed by the union of the ventral rami of the fifth to eighth cervical spinal nerves (C5-C8), as well as Background: The aim of this description is to provide step-by-step guidelines for performing an ultrasound-guided supraclavicular brachial plexus nerve block.
Introduction
The supraclavicular approach to the brachial plexus block was first described in the early 20 th century and is arguably the most preferred brachial plexus (BP) approach with the highest success rate. 1 With this approach, the trunks/divisions of the BP are compact and superficial to the skin making it easy to visualise on ultrasound. 1 Due to the limited surface area, the entire BP is anaesthetised. The supraclavicular block also has the most widespread extent of sensory blockade among all the BP approaches and is ideal for providing dense, rapid onset, and efficient anaesthesia and analgesia for procedures from the shoulder joint and mid-humerus proximally, to the hand distally. 1 According to the literature, the supraclavicular approach proves to be one of the safest and most effective techniques. 2 Alternative approaches include the interscalene, infraclavicular and axillary BP nerve blocks. The interscalene BP block, which is indicated for surgery of the shoulder region, clavicular area, arm and elbow joint, is performed in the interscalene groove. Although this groove is easy to locate, the local anaesthetic does not sufficiently anaesthetise the inferior trunk. Therefore, this approach is not recommended for surgery of the forearm or hand. The most common complications for this approach include hemidiaphragmatic paralysis and Horner's syndrome which are directly related to the volume of local anaesthetic used. 2 The infraclavicular approach targets the cords of the BP and is indicated for surgery of the distal arm, elbow, forearm and hand. This approach is often used for the placement of indwelling catheters as the infraclavicular site provides stable positioning. Complications that can occur include chylothorax, which is a rare complication that occurs when performing left-sided blocks, and pneumothorax which occurs more frequently as compared to the supraclavicular approach.
The axillary brachial plexus block, is performed at the level of the terminal branches of the BP and may require multiple injections. Complications that may occur are specific to each terminal nerve. However, intravascular injection is more common in this approach compared to other approaches. 2
Indications
The supraclavicular block is indicated for provision of an anaesthetic block for surgery or intra-and postoperative pain control for the entire upper limb including the shoulder, arm, elbow, forearm and the hand. 2, 3 Fractures, dislocations, abscesses as well as general surgery of the upper extremity for both adults and children, are examples of common indications for this block. 2, 3 Furthermore, it provides analgesia to the upper extremity for post-surgical and traumatic pain, complex regional pain syndrome, postamputation pain, vascular diseases and tumour-related pain. Relative and absolute contraindications must be considered prior to its utilisation and may include preexisting neuropathies or nerve injury and severe coagulopathies or anticoagulants. Other contraindications that may arise include infection at the site of injection, the inability to insert the needle at the injection site due to a splint or cast that may be present, or allergies to local anaesthetics. 4 the first thoracic spinal nerve (T1). From proximal to distal, the BP consists of five roots (C5-T1) that will eventually unite into three trunks (superior, middle and inferior), six divisions (three anterior and three posterior), three cords (medial, lateral and posterior) and five terminal branches (axillary, musculocutaneous, radial, median and ulnar nerves). 5
Anatomical considerations
The supraclavicular block is performed where the BP passes between the anterior and middle scalene muscles and follows the subclavian artery (SCA) into the arm between the clavicle and the first rib. The SCA lies anteromedial to the BP whereas both the latter two structures pass laterally and posterior to the anterior scalene muscle. The subclavian vein (SCV) accompanies the BP and SCA as it travels towards the root of the neck. It passes anterior to the anterior scalene before joining the internal jugular veins at the origin of the brachiocephalic veins. The middle scalene lies posterior to the BP and SCA and forms a very important landmark -the interscalene groove -together with the anterior scalene muscle. The first rib and pleura of the lungs can be found inferior to the BP and should be avoided when inserting the block needle ( Figure 1 ). The superficial nerves innervate the proximal part of the arm, while the deeper nerves, which are closer to the first rib, innervate the distal part of the arm. 6 During the supraclavicular block, dermatomes C5 through T1 (i.e. the complete BP) are blocked, therefore providing anaesthesia for the entire upper extremity, including the shoulder region. Nerve branches given off from the roots of the BP provide motor innervation to selected muscles and structures. These nerves include the long thoracic nerve, which innervates the serratus anterior muscle; the dorsal scapular nerve that innervates both the levator scapulae and the rhomboid muscles; and a branch of the phrenic nerve, innervating the diaphragm. From the trunks of the BP, two nerves are given off, both of which provide motor innervation. These nerves are the suprascapular, which innervates the supra-and infraspinatus muscles, and the nerve to subclavius, which innervates the subclavius muscle.
Nerves given off from the cords of the BP have single or dual supply (motor and sensory innervation). The medial pectoral nerve provides motor innervation to the pectoralis minor and major muscles, whereas the lateral pectoral nerve provides motor innervation solely to the pectoralis major muscle. The medial cutaneous nerve of the arm provides sensory innervation to the skin above the medial side of the arm and the medial cutaneous nerve of the forearm provides sensory innervation to the skin above the medial side of the forearm as far distal as the wrist. The thoracodorsal nerve provides motor innervation to the latissimus dorsi muscle. The superior and inferior subscapular nerves collectively provide motor innervation to the subscapularis; the latter nerve also supplies the teres major muscle.
Lastly, all the terminal branches of the BP provide simultaneous motor and sensory supply. From the posterior cord, the axillary and radial nerves are located posterior to the axillary artery (AA). The former provides motor innervation to the deltoid and teres minor muscles, including sensory innervation to the skin above the deltoid and superior-posterior area of the arm. The radial nerve, which lies posterior to the AA, provides motor innervation to all muscles of the posterior arm and forearm (extensor compartment of arm and forearm), including sensory innervation to the skin above the posterior aspect of the arm and forearm, as well as the lateral two thirds of the dorsum of the hand and fingers (the area of the first web space). From the lateral cord, the musculocutaneous nerve pierces through the coracobrachialis muscle to provide motor innervation to all muscles of the anterior arm (flexor compartment of the arm) and sensory innervation to the skin above the lateral part of the forearm. The ulnar nerve is a branch of the medial cord and descends into the forearm to provide motor innervation to the intrinsic muscles of the hand, the flexor carpi ulnaris and the medial half of the flexor digitorium profundus muscles. The ulnar nerve also provides sensory innervation to the skin over the medial one and a half fingers of both the dorsum and palm of the hand. Finally, the median nerve forms from a contribution from both the medial and lateral cords. It descends in the arm lateral to the brachial artery and provides motor innervation of the anterior forearm (flexor compartment of the forearm) and sensory innervation to the skin above the lateral two-thirds of the palm and fingers. 6
Step-by-step procedure for ultrasound-guided supraclavicular BP block
Step 1: Patient position
For this approach, the patient should be asked to lie in the semi-Fowler's position, i.e. in a supine position with the trunk raised between 15 and 45 degrees. The head should be turned to the contralateral side of where the block is to be performed with his/ her ipsilateral arm abducted and/or flexed at the elbow joint. The anaesthesiologist performing the block should be positioned at the head of the bed, with the patient, the block area and the ultrasound screen all in line, ensuring a clear view during the procedure (Figure 2 ). The probe should be held perpendicular to the skin.
Step 2: Preparation
While the patient is in a supine position, a sterile sheet should be placed over the thoracic area keeping only the area(s) of interest -the supraclavicular fossa -exposed. A small amount of sterile ultrasound gel should be placed on the skin above the clavicle and posterior border of the sternocleidomastoid muscle, as well as on the ultrasonic transducer (probe) selected for the procedure. For ultrasound-guided BP blocks, a highfrequency linear probe is preferred. For this approach, a 21G x 100 mm echogenic SonoPlex STIM needle is recommended and should be used to inject the anaesthetic solution. 7 Strict aseptic techniques should be adhered to during the entire procedure.
Step 3: Palpate and mark important landmarks
Prior to starting the procedure, the entire clavicle should be palpated using the index and middle fingers of the nondominant hand and marked at the midpoint. This also applies to the borders of the sternocleidomastoid muscle, specifically the clavicular head of the sternocleidomastoid muscle and the interscalene groove ( Figure 3 ). The interscalene groove or tissue space is situated between the anterior and middle scalene muscles at the level of the cricoid cartilage (vertebral level C6). 7, 8 The groove can be identified by rolling the palpating fingers from the posterior border of the sternocleidomastoid muscle posterolaterally over the belly of the anterior scalene muscle into the interscalene groove. The BP is deep to the supraclavicular fossa and posterior to the mid-clavicle.
Step 4: Probe placement
After palpating the clavicle and the clavicular head of the sternocleidomastoid muscle (if possible), the linear probe is placed in the supraclavicular fossa, superior and parallel to the midpoint of the clavicle, adjacent to the posterior border of the sternocleidomastoid muscle. The placement of the probe is in a parasagittal or coronal-oblique plane ( Figure 4A ) to obtain an optimal short-axis view of the SCA, first rib, pleura, lungs and the trunks/divisions of the BP. It may be necessary to rotate the probe (clockwise and counter clockwise) to obtain the ideal ultrasound anatomy imaging of these structures ( Figure 4B ). The probe is initially aimed inferiorly in the direction of the chest or mediastinum. On the ultrasound screen, one should expect to visualise the SCA (the key sonographic landmark) as a round, pulsating hypoechoic structure ( Figure 5 ). The presence of the SCA can be confirmed through colour Doppler.
The BP has a grape-like appearance, with several hypoechoic bundles embedded in a hyperechoic supporting connective tissue surrounded by epineurium, found posterolateral to the SCA 9 ( Figure 6 ).
Step 4: Summary of landmarks visualised on the ultrasound image
The first rib can be identified as a hyperechoic structure at the bottom of the screen. Its reflective properties make the rib appear as a white horizontal/oblique line (Figure 7) . Thereafter, the SCA can be identified as a hypoechoic ring, or a dark, round pulsating circle superficial to the rib. The pulsating artery is confirmed using the colour doppler function on the ultrasound machine, which will appear in red (due to the flow of blood towards the probe). The BP is found cephalad to the SCA. The middle scalene muscle can be identified posterolaterally and the anterior scalene anteromedially. Inferior to the first rib the lung can be viewed as a greyish mass, with the area below the level of the first rib referred to as the danger area 9 (Figure 7 ). If the needle advances below this point there will be a high risk of penetrating the parietal pleura, resulting in a pneumothorax.
Step 5: Needle insertion and course
The needle should be inserted using the in-plane technique at the lateral border of the probe ( Figure 8A ). Once the skin has been pierced, the needle should be advanced in a lateral to medial direction -in the same plane as the ultrasound beamtowards the BP located posterolateral to the SCA. The reason for advancing the needle in the same plane as the ultrasound probe is so that the entire length of the needle and the needle tip is visible as it is directed towards the BP. The needle should pierce the axillary sheath, which offers a small amount of resistance or the characteristic 'pop' sensation. The needle tip is then carefully directed as close to the BP as possible. The ideal locationalthough dependent on the site of surgery and the intended extent of the block coverage -is at the junction of the BP and the posterolateral border of the SCA, superior to the first rib ( Figure 8B ). This area is referred to as the "corner pocket" or common injection site for this approach. 10
Step 6: Injecting local anaesthetic solution
Once the tip of the needle has been confirmed, the local anaesthetic can be injected in the vicinity of the BP (Figure 9) . Alternatively, the anaesthetic may be injected between the divisions of the plexus using the 'hydro-dissection' technique. 9 Placing the local anaesthetic within the axillary sheath -the fascia that is continuous from the prevertebral layer of the cervical fascia and surrounds the components of the BP -will result in a faster onset and more extensive coverage. However, it may cause a higher risk for intraneural injection or injury. Deciding on the concentration of anaesthetic depends on whether the block is being performed for anaesthetic or analgesic procedures. In both cases the recommended volume will remain the same (20 ml). However, the dilution of the anaesthetic agent will differ. For surgical procedures, 20 ml of 0.5% of bupivacaine (an intrinsic vasodilator) is recommended whereas, for analgesic blocks, 20 ml of 0.25% or 0.125% of bupivacaine is recommended. To reduce the risk of systemic toxicity, it may be prudent to use a lower total dose of local anaesthetic or to consider the use of less cardiotoxic drugs such as ropivacaine or levobupivacaine. Ropivacaine and levobupivacaine may prolong the duration of action and slow systemic absorption due to its intrinsic vasoconstrictive properties. 10 Additionally, adrenaline can be used as an adjuvant as it may reduce the absorption rate and therefore, potential systemic toxicity. The needle must be flushed with a local anaesthetic to prevent injection of air (which will create imaging artefacts).
Step 7: Visualising the spread of the local anaesthetic solution
Once the axillary sheath has been penetrated, a slight decrease in resistance or a 'click' or 'pop' can be felt. The anaesthetic solution within the syringe can now be injected slowly within the axillary sheath. As the local anaesthetic is being injected, Figure 8B . Image on the left -ultrasound scan as it appears on the ultrasound screen during an ultrasound-guided supraclavicular BP block. Image on the right -In-plane needle insertion with the entire needle course visible on ultrasound screen during an ultrasound-guided supraclavicular BP block. the spread of the solution around the BP should be observed on the screen. Injecting the anaesthetic solution into the axillary sheath will cause the nerve bundle to separate. Positioning the needle tip and subsequently injecting the local anaesthetic outside the axillary sheath will require higher volumes of local anaesthetic to be injected to ensure adequate anaesthesia. The local anaesthetic solution appears as a hypoechoic fluid and appears black on the ultrasound image ( Figure 10 ).
The exact volume can then be judged, and the injection stopped once all the nerve structures have been bathed in local anaesthetic solution, thus avoiding the introduction of excessive and unnecessary amounts of local anaesthetic.
Advantages of ultrasound-guided supraclavicular BP blocks
In the literature, various studies have been done to compare the relative blocks for upper limb procedures, most of which conclude that the supraclavicular block has the highest success rates and greater anaesthetic spread. 11 This is mainly because the anaesthetic solution is delivered at the level of the trunks/ divisions of the BP. This is a compact part of the BP which ensures rapid onset and since the needle typically has a maximum depth of 1.5 cm to be inserted above the clavicle, there are fewer incidences of pneumothorax. 11 Success rates for the supraclavicular BP have been reported to be 85% and above. 12 Despite the benefit of ultrasound guidance, complications may still occur. Additional studies have been done to evaluate the prevalence of complications that may occur with and without the aid of ultrasound guidance. The reported incidence of pneumothorax without ultrasound guidance ranges between 0.5-6% whereas with the aid of ultrasound guidance the incidence is 1%. 13, 14, 15 Other complications that may occur include injury to the recurrent laryngeal nerve resulting in a hoarse voice (a reported incidence of 1%), phrenic nerve injury resulting in hemidiaphragmatic paresis (a reported incidence of 33%), and vascular puncture (a reported incidence of 0.4%). 13, 14, 15 Horner's syndrome has also been described and results from paralysis of the ipsilateral sympathetic cervical chain caused by drugs, surgery or local compression (a reported incidence of 1%). 13, 14, 15 The latter can be caused by the injection of large volumes of local anaesthetic or the atypical proximal migration of the solution above the clavicle toward the interscalene area. 15 Horner's syndrome is classified by a triad of symptoms including miosis, a condition in which there is excessive constriction of the pupil; ptosis or drooping of the upper eyelid; and anhidrosis -the absence of perspiration or failure of the sweat glands. 16 The rate of complications is also related to the experience of the anaesthetist. 16 Thus, good technique, regular practice and a sound knowledge of human anatomy are vital in performing the supraclavicular nerve block whether under ultrasound guidance or not.
Conclusion
Using ultrasound during invasive procedures is of growing importance in the medical field, assisting doctors and surgeons with many clinical procedures. Ultrasound guidance for the supraclavicular BP block is clinically beneficial for nerve localisation as it reduces the number of needle attempts and may also decrease the number of failed blocks. If anatomical structures can be visualised in real-time, then it is possible for anaesthesiologists to define the correct needle insertion site, the depth at which the needle needs to be inserted, identify the optimal site of injection, as well as avoid complications such as neurovascular injuries or pleural puncture. Having good anatomical knowledge of the supraclavicular fossa and structures found deep to the skin is important, as ultrasound guidance has proven to increase the confidence of doctors performing regional nerve blocks, decrease complications and failed block attempts, and increase the success rates of not just supraclavicular brachial plexus blocks, but most regional nerve blocks. 17, 18 This description of our approach to ultrasound-guided supraclavicular BP block serves as a comprehensive step-bystep guide to performing this block safely and successfully. It also aims to provide the reader with the background behind the technique and to describe the anatomy of the region where the block is performed.
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